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(54) PROGRAM CONTROLLER AND PROGRAM CONTROL METHOD 

(57)Abstract: /; 
PURPOSE: To provide a program controller which can 
effectively control the loop processing. 
CONSTITUTION: The value of the start and end 
addresses of the loop processing are stored in a start 
register 7 and an end register 8 respectively and 
synchrnously with a clock t1. The data stored in both 
registers 7 and 8 are inputted to the comparators 1 2 and 
11 respectively. The comparator 12 compares the output 
of a delay program counter with the data stored in the 
start register 7 and then sets a flag 'fstsrt' only when 
the coincidence is secured in the comparison. The flag 
'fstart' is reset in other cases. Meanwhile the 
comparator 1 1 compares the output of the delay 
program counter with the data stored in the end register 
8 and sets a flag 'fend 1 only when the coincidence is 
secured in the comparison. The flag Tend* is reset in 
other cases. 
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(.2 

1 

IffiXmil 7 Fl^XlC;ftl£Lfc«f!c©ifr*T^£&& 

U ^-^«a©IMft7 F l/X»l«IT7 F l/Xffitf fc 

1Bl&77Fl/X£©P f SJl£!B^3nfc4>&< tfel^ro^ 

6 a i>)v-^mn^m t * wib^d ^ ^ a * ice 

^ft©*fT*h§i©<frff©7 Hl/X*l£t«?D^7A 

* * &m:©$wrai(n?-< u * > h L-cma-rs 

fJ3fBBHte7 F kXS«*rr*»*&7 F VXfBtt^g:^ 
*9SBi&77 F !/X£&*frrS&77 FWXjam^l&t. 

MBB^n ^A* 1 )^ fciMBBMftT F 1/X t©Jt!K*g 
Jftlca^S/U-:7«M©ll!J6ft§KBL, MiB^D^^A 

* £ > ^ t SMB»7 7FWX £ <Ditffl&mz&-3% )V- 

-^JBaollfflClSL.. Il~^n (n^2) 

x^f >^^nfcm i ~» n;w— 7M»iE-n^n©raa& 

7 F 1/XR^«I77 F W-xattf fcRSHSftSfcbfc* 1 

X t©H»CfBifiS*Xfc^< £fc 1 ^©i*H?a>S7£3Sg 
1 ~^n©;V-^*ff^#tSrWfB^P^9A*lc3a 

S«©*ff*f*©^©7 F^x^)fra-/n>/5A 

a* >> m^&t. 
m^%i i ~® n <D)i--7im<Dtmm®7 f i/xss 1 

~?gn ©PJ&7 F I/X 1 1 TtelfrfSaS 1 ~S8n ©iHSS 

7Fi/xeti^ia!t. 

miem 1 MBn ©;v-:/«wi©8Wei*77' f vxsas i 

~Jg n ©i&7 7 FWXi UTtSi^T-Sm 1 ~f&n ©&7 
7F^XtB1S¥ISi:, 

i ~mn<D)i-7mm<nmmKfflk&m 1 -in 

©Hffi»£ UTlMfrr 1 -fin ©RffiUciait^g! 
«RM«I#fc*^Si fflSJgl~?gn©BHS&7Fl/X 

(D5-&©-©7Fwxsa#?M^7Fi^xtLTm*-r 

SHi(&7FUXSIR^Kt. 

IMBaKIMMMfl::*^*. *3E^l~^n©^77F 
UX<D o *,<D-(D7 F VX £ SKJ&77 F kX £ LTUJ 



«rM¥8-6 3 3 5 5 

2 

-h-?Z>WT7 FU-XjSiR^&t. 
WESWMWfl^-lcS^, tft|B^l~^n©M«Sc© 
3 *©-©KMR*«RR«*fc LTffl#T3H«»at 

wtB^n y?k%^y9 hmsmmwr f wx t©tt 

i55iK*Rt;illB^ny5A*^>^i:i|-gBMS?^77 F 

20 irfB^n 9? At -}>*£iififBSiRIM&7 FUX t<Dit 

a©N*«RMU iWIB^n^A^^tlWfeSiR 
S*7 7 F V X £ © JttWSJRtSrJ* iltB3il?&7 7YV 

x(c*f^-r-5;v-^a©^7s^tT. $«»**&© 
mMmz] 7\ t ux\zttfei<fcmwi<Dtisi3fc*>ts-2> 

■fa 9=7 A©9lfTWW^ff 5 "/n ^5 AMW^&T&o 

U )\,—-tym<iMW7 F l^XS^77 F WXMtf K: 
EftftSftffib&^-^^t. W^P^7FkXti^ 
77 F I'X t©WlcSBKE^nfc'>^< tfe 1 ^©A^ 
& -5 JU- -/llfT^# £ * MS "/a f 5 A * IBi^-r 

(a) Sft©Hff»*©*^©7FUX*ji3rrs^a^ 
5A*^>^SflfIfB-/D^7A©5feS7 Fl^X*^SfJt 
Bt^H-r-f >^ U ^ > FT 5Xf y 

(b) tiim7a!f : 7&-}j9>?<0&^~tZ>7 FVX©#^ 

(c) tfrtB^ny^A^^^^t^tax^yycwTlBlft 

LfcMfB|IBte7 F 1/X t ©ifc«lii*ca6t?#;i— 
(Dfflt&ZmmV. WIB^a^5A*^>^<!iWtBXxy 
7 p (b)Tf21tLfcHSIEi^77 t*l/Xt©ttlMS»fcS^ 

#jwe^-^»9©ifTft«iiW"*Jii:t«ko» mwv 

40 imwommtzwm 

[0 0 0 1] 

[S^±©?iiffl^iF] commit* -/vif^Az^nM 

[0 0 0 2] 

[t£*©f£ffi] U7J^-f A7^U^r— >3>Ttt, * 
^XA-XtCj^tl^>ri:*MT*5. ^^.tf, <tt* 

©as© ^"n -t -y -u-t 7 -< - 7 ;vrf u x* a ^nffr 
f@^a)ji/-y^©«»t3jlbtc«fc§fJD2 : ^?a 
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3 

[0 0 0 3] bfctf^T, :/U^A<038f?&IHfrra 
^Dif5A«flSBtt, B*. *"3jgLjfll!S1B#K:fT 

[0004] ~/>^;^-:/(D*£\ WP;p-^<r*© 

"lc" W)r-7J3?>9* "End" SiiSDigL^fT 

[0 0 0 5] S**^fctt^ni/^Vfc2:-3TMtL^W 

#©»lfrH (HI 7<D4 Off) Ofifl&GOfr (HI 7 CD 

[0 0 0 6] ^X^^>^^nrc2^(D;V-7 P CD^&9 

[0 0 0 7] HI 8 35^6^SJ:5IC, 3 6ff-4 5ff 
fcBiSSnfcB 1 o c k 1 ©Jlr-^oy?^ 4 0- 
4 2frKfB3£3*lfcB 1 o c k 2^D7 r □^^7^®0H^ 
Tl^o Bloc k l©JW^P^^^*ff^^S 
\Z. \HM<DB 1 o c k2©^^K (3 9ff B) 

[0008] 3 5fr, 3 9ffBfc^n j E : niBi£$nfc;i' 

[0 0 0 9] L*>l/fc**&* Block 2<D)V—?$l& 

a, b i o c k i ©^-^nofisnatfKSlff 

(ici-i) H^tcsiffsnsctfca: 

[0 0 10] yj)l#-T7Vfr—i /3>^n^7A 
SSSfr-r^B, B?fi^-^<Z)VHJ#X^3#3^(E> 
WJ^H "^:/^7>K$&ffl" ) £tt 

H 1 9 fc^f cfc 5 "<SScd" if d S«#fc»o T» 
ATS. 

[ooi i] 7i^-A©rt«H*tt, -r>7vy#xe#i 

X«-Y>^ ! J^>h^n^. <fcoT, TX^^>*¥*fpl 

ff^cli*^*^. U*>U vX£KD«#fcWLTtt» 
if n^A<5Dfefi6l-^n y ? tt^SflUTfcS. 
[0 0 12] ^ni^cfc^T, Hi 9T^LfcB^£vX 

^jaa-rsfcwu ii$n§&7^-A^^^Wi 

J&7T, H2 otc^TJ^f-, fflM<D7nyi? (Bio 
c k A, Block B, Block C) ^ffl^P^ 
^A&ffaS-fS&B****. H 2 0 14 1 *¥#IpJ 



!|#SB¥8-6 3 3 5 5 
^aE^LacD^D^^ATSO, a [0] -a [5] \ZM 

m i -b*6 ©m^x-^tfteiwsns-f >ry ^xe 

a [i, 1] tiE^Ja [i] ©f^KOffll 
i S H >^ U ^ > htS u t S*»L, a 
[i, -1] {^ffi^Ja [i] ©«SB(Dmbfc*^3ER 
iSlT?U^>NT^i:tSSftlTV^ 0 wr 
[0] -wr [2] tt-TX^<D»lffB<0«ft«rtftb3ft: 
E#TC*tK loadlir-i'D-F^ mulac 
ct«M^T*5o £fc> H2 OTte^bT^fc^ 

jo &a i <Dffl^ffiti " i - 

[0 0 13] gip;|/-^*^-tt. Bloc kAtW 

(020(03 9ffB) o ^C0 3 9ffBWl/-^*^^ 
SfliJtt^5I^E^*ro fciffcS, B 1 ockBS:MIt 
-5^TtCfft>n^Xgl4v *S#H**ffifflTSB 1 oc 

fitttO lXS»JnT*fc»* 1*¥^*4©^X^ 

a? [0014] $ sic, ^7YMU>^ian ± 

n&feKl, *ft:<3DfflaKfH^fi<a:5iVi5Wlfi^» 
[0 0 15] 

^ <oiffiaKFrasfi<L,Tb*5tv^raajft**a5^&o 

[0 0 16] 2l<Z)5IWtt±epaHja&*ftf 

an&fe©^ a^wft^-^ffla^Kiwwii&^nif 

[0 0 17] 

[«iHs«ift-r*fc»«)*ai ;:©as?8K«*»*«i 
ga^TT h wx i©naiciaa3nfc^a< t *> i o^>* 

^ T^ff t * Mtayn ^ 5 A * fcE 

mmmr Hvxswift-rsHittT FvxfM^at, 
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5 

SWOT* E tic J: D, MeA—^afr***©**** 

[0 0 18] C©£9]lCflt*lt#9l 2fE«©:/P ^7 A 
p^7A©*fTiOTP£fT5gBT&oT, WfB^P^^ 
BU, *l~JISn (nS2) ©FltC^Xx-O^ftfc 

sg i ^-^m^n^nomwr f i/x&tm7 

wens i 0)v-^^n^n-cm^n 
tzwrnmrnr f I'X t mmrr f t ©mesas 

b. ^©^^©^©Th'kX^^TS^nif 
5 A# *JJfJ©$WWHTM" >^ U ><> F LT(bA 
T-5>yn^7A*^>^ttl^^St. iM3a$gl~S&n© 
^«© B9KISi67 F I'X 1 ~fg n ©MJ&7 F 
l^X t bT&ijfrrsSS 1 ~&n ©PW7 H 

tfiiami~®n©;u-7 p J!ia©«[ta^77Hwx& 

|g 1 ~?8 n ©i&77 F I'X t XsX&ffit 6?l 1 ~?Sn © 
K T 7 F W X iHtt^S £ , MOB ©;P- ^SttS 

©iiM2E»£m l ~S6 n ©E«*i bT&ffi-f £?g 1 
~Sgn©K«SctEtt^&£, At 
G$ 1 ~|gn ©P4&7 F kX©5 %©-©7 F I/X£M 
JRM&7 FkX£bTffi#-rsH§#»7 FkXjUR^IS 

mmmnMmfgmzm^. nafasu~sgn©*s7 

7FkX©-5*©-©7Fl/X£3S?i&77Fl'X£b 
TtH^-r-5>«l77HWXS*?^St. HfliBjg&iMWfs^ 
\Z&-J2. FffifE?gl~?gn©Jg:miiSc©5l3©-©K« 

bTffl*TsK«£««^&£. swa? 
vy^k-h^y'p h.mummm' f i/x t ©ttiasa 
RlXMIB^o y=>K**j>5 hmuwmu F w-x t 

Wta^p^5^*^>5'tWffi®^Mi&7Hkxi 

F V-Xt©JtiK^*lxa^Mi3SJ?^77 

*©;k-^»a«»«E«JEtt*ia» $&QULTmf}z 
ns j; 3 csdaa^a ^ a#^ sKjrra^-T'fW 

[0 0 19] C©^HJ(^5»*a3|Sit©^D^5A 
7 FUXK#«bfc*«C©lfrfra»'5ft*? r 
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6 

»T H WXRtfi&77 F V/^attf fcR*ft*W£L'&^ 

MIHIB^7h*VXti^77b*I/Xt©Ktr 

fa&3nfc'>&< t"b lt?©*^*»6!S:S;k-^ff* 
^* t £frfE:/n 5 A * fcEiST 5 - 1 b, 
(a) SffiOjWf^RO^OTHUXSSffiTa^ay 

n y 9 a* # >3'©Jt*-r-s> 7 f u-x©#^;i/-^# 

^T»5«^K^-^««©B»7FV^. 1*77 Fl" 

XRtfS«»*ffi«1"-5X5 l ^^i:, (c) M&/ay? 
A* S tiliaxx-y ^(b)-ef21SbfcSfliaMi&7 F 

mm 7 a y 5 a % v > * t mfax 7- v ~J o» rtati b fc 
Mta^77 f kx t©WM**fcai^*iitta»P-^«a 
©»7*««-r*citKJ:«3, B5fa;v-^ff^ii© 
#^wsaEai!cii, isfpiMbT^fTsn^i^cwfa 

yn ^7 A* Xf y -ft. ^iiTlfS 

[0 0 2 0] 

Wffl] Jl©SH8tz43ltSiS*«lBE«©^ r n^5AS!l 
ta?^«©JP--/a«l^©tt, 7 l 'ay'7A*^>^i:DB56 
7 FU-Xt©JfcWS»fcStJ*A— 
■r-5Ct^tr$-5fc». ^n^7A*lC*3V^T^-^# 
^tt;p-yiStfi*^#©WT?*^tftt*©fi«tEa'*" 

[0 0 2 1] d©asWfc*tt*H*JB2E«l©7 r ay5 
ASJWSB«, ^n^9A*9>^taKBMft7FkX 
t ©tt«IS*R0C^a 4^9 A* 9 >^ tM««^77 F 1/ 

7 p n^5A*'>>^tS5?Mi67FVXt©]t 
SiRW&7FWXtC#j&T£JV-:/ffi 
a©BSS6&^iab, 7 p P^7A*^>5'tSW77F 
i ©H«IS*C*t*S«R*77 F l^XtcM^-r5 

*-^»i©iiT*BaibT. ftiiw^c^-T'ffia^ 
^ a * # > ^ stsg-r -s ;v- zrum^wt. t **^-T M 

[0 0 2 2] Lfcibt, ■/n^^A'firii^T. fSl 
-JBn ©^-^*^tt*ti*nSI 1 ©^-^ff 

^^»©Hft7?*n«ttit©tt8ittBKE-r - 

[0 0 2 3] £:©^Wi-43lt-5tt*«3fB«©^n^7 

j&7 f i/x t©tt*tt*fca^*;v-^«yi©ii»*B 

iSb. ^P^^A*^>^tiKF77FW-XtroJtl5E^* 
fc*^*;w-^*a©ll7ftBm"*J:i:K:«fc0, 
yHfr^SoA^RttftH^ ii0igbT*ffSn5 
Jc^t^n^^A^^^SRSbTV^. 
[0 0 2 4] LfcilbT, ^D^5A+C*ViT;V-^ 
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[0 0 2 5] 

<m i <DmM&i>m i \*z.(D$mv>w> i <DmnM-c&z> 
?u >/? Ammmrnxmn mwnmu^u^^ a »j x h 

n«ta^®Hif^S"M$n7av^ si^jt^ 7Kvx 

4 0-4 2#trtaai^nrc;v-7 p yn-;^B 1 2 
0#fi<£>7Fl/X2 i#tc;p-:/#^r ri o o p 1 
c, Start, Endj £fEa>bTV>£«> 
[0 0 2 7] HliC^,k5^ (Dffli&T F 

1/XS t a r t t«FT7HWXEndt«t»StK»C«a 

[0 0 2 81 HI tHl 7t&Jt«Ufc»^ # 

[0 0 2 9] Jintcfc^T, V^ftS^ay^K^Stl 

[0 0 3 0] 015(1 fgi<D3^^yn^A» 

IflHfc^-Ti'Sic, E*8I10 0ftl: 
^&Oi*M^7 F 1/X (H 1 ©fr#*ffcfflS) K*wsb 

xm^nrc^v^fyA i o i«$nx*^ 

^ AM«l«S 10 211 yn^7A 1 0 1 05fclfi7 H 50 

*<fr£fr£Bl 0 3l*:/n^A#^>^PCTjB;S£ 
[0 0 3 1] B2fttfH3HU gl0£IWW>:/n£f9 

#^©*tfSnTtBK-r«« H4~B6RMMI«WH0>« & 

^flMUCbTiKfcfc, 2@©E«©#aWlbfc. * 
fc, 2^<Ol*UV^Dy^ t 1 1 1 2t6*±Sfc 
ilt^*. H4MB6©*»HHU 07CO^D 

^AC^frttRfcSbT^S. H7 0>:/nif5£ttfi£ 

[0 0 3 2] (t2_PC) nSffl/^ 

(ti_po i 8B*nien^n^^ t lxrxt 2\z 



^BB¥8-6 3 3 5 5 

a. 

[0 0 3 3] H7T?*Lfc^nif5AUXhttff#^ 

»1 clcte "2" ©«*«n-HSns. 
[0 0 3 4] *?U>f5&WW77<1 >fittmff2 

[0 0 3 5] for, i c &*Hfrr*i^x 

J (loop) Qtipuyi? t lfcHJfflbT "2" 
SLT, JP— ^Uy^B 1 o c kBicBB"f*Stt*S 
E*T*. l^X^^tH^^tt^l^* (SEL_ 
LC) 2 4fc#^.6nT*0, t(OtI/??2 4lt *J 
m)V-7i3V>9 (LC) 2 6BDy^ t 2lCRfflb 
TMftU bI«;V-7 p * t >>^ 2 6©ffl*«»k^X^ 

(ti_ic) 2 s\z^y)^uy^ t wzmMvx^m 

[0 0 3 6] 1/^X^2 8©W*tt, *r9*)*>9 (D 
EC__LC) 2 3, 3>^l/~* (CMP__LC_ST 
ART) 3 5*<trXn>^V«-* (CMP_LC_EN 
D) 2 9td^£ft-I>o 

[0 0 3 7] a>/^I/-?2 9H l/yX^2 8l:feffl 

^fexltS-fev r- (H ("1") b«®*&tt 
Ut^b (L ( "o" ) lci££) =3>/^l/-^3 

"0" K^b^teX^f lc£-fey hU «CD»£tt 

[0 0 3 8] ^U/>^2 3tCj;D^U^>b$n 
&;V-7#9>h«l c_de ctt. -fel^* (SEL 
_LC) 2 4<D%$2 AidtfoZo 

[0 0 3 9] fWWM^f seUctt8&H0l&2 OlZ&oT 

[0 0 4 0] H7"C*bfc!/Dy5A©fT»^2 IK* 

So 

[0 0 4 1] ^Ay^tOffift^aSt^n^AOtt 

[0 0 4 2] 0 7©f^ "Start" ttfrS 

^4 0l:»*U "End" ttfr#** 4 2 fc*f * 

[0 0 4 3] S t a r t 7 F l/XRL*E n d 7 F l/X^ 
n^nrofiWU JCiyJt lKHSBbT, l^X* (s 
tart) 7&tfl^X# (end) 8 [C^tl^tlffiil 

3*1*. 

[0 0 4 4] MM*?**? 7 1 %Q>Wl\t* 4 

>w*>9 (inc_pc) io, (C 

r MP_PC_START) 12Jtf3>AW (CM 
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P__PC_END) 1 Wztt^ZtiZ* 
[0 0 4 5] -f >9V*>9 1 OCOtti^ft-^p c_i n 
ct^*7©lSttf^s t a r t&irl/^ (S 
EL_PC) 150)AA^D, ziGHrl'^l 5<offi 

[0 0 4 6] k^^7«f)|jf^s tarttl/^ 

2 fa, mw?u&*?J±'h i z>9 i %<hW*trr—9 s t 

a r t t%ik$kLT, f st 

art-fey hU ft<D«-&ttU-fey n>/1U— ^ = 



nd tSJfcttL,TH#*^bVit*(D*79^f end* 

[0 0 4 7] "tVZV (SEL_PC) 1 S^COjl^M 
19 y 7 if f se 1 _pc tt, 7 9 y f end&tf f ex i t S A* £ 
f£?ftS[§I?& (Logic_2) 1 9JCctoT4j«an 

${#iM (s e i ec 1 1) ^mtMnmm^ 1 

-To 

JO [0 0 4 8] 

Bill 



f end 


f exit 


f sel_pc 


SeLcctl 


0 


? 


0 


p c i n c 


1 


0 


1 


start 


1 


1 


0 


p c i n c 



? : don* t care 
[0 0 4 9] Sll:*tJ;5lc» 79^fend#"0 

fsel_pc£ "0" KLT, -fei/^ 1 5fc<tD-f >^U 

fc, 75^f end*)* "1" itfc^^f exit** 44 0 " 
0»£fcSftfW»:7^f seLpc* "1" tLT, ill/ 
1 5fc±0pyX^7©«Jttx-^s tarte 
yvPleiltffi "1" ©«#K«#iflfI«l7^y 
f sel_pc£ "0" fcLT, -fel/^* 1 5fc«t?K>?y $K 



£)^;*>^1 0(DaiM^Pc_i n c £jg«2-t±£<- 

[0 0 5 0] — -feP^2 4^©aK«Wffl^f se 
Uctt. 79^f stark f endfttf f lc£A±rr&ISffl 
@88 (Logical) 2 0l£j;^T£j«3n5o 

»aia»2 o«)«***Rtf-fev^^2 4©aj?«s 

(s e 1 e c t 2) &^TJrafiS&*2 fcjST. 
[0 0 5 1] 
[*2] 



f start 


f lc 


f end 


f sel_lc 


SGlect2 


d e f a 


u 1 t 


0 0 


1 c 


? 


? 


1 


0 1 


lc_d e c 


1 


1 


O 


1 0 


loop 



? : don't care 

[0 0 5 2] 36 2\Zi*-f£o\Z, r7^;i/M^lTS 
Rfflflffl-^f seljc* "0 0" \ZhX, ±Ui??2 4\Z 

.to v^^2 8©a* i csas?sii-s a 

iffeuAffi "1" CDtl?B, starU f lcfcH# 4ff 

£<, WlM»e^f seljc* "0 1" \ZhX, 
9 2 4&Q : f9V*>9 2 3 COW* 1 c_d e c %M$l 
£i*£o SSir, 7 9£f fend** "0" 79^fsta 
rt, f lcrt* M l" ©t*lt j»lflHHt*Jf sel_ic£ 
"1 0" fcLT, -fel/^2 4<t0l/vX^ 9 CO&Sfix 

[0 0 5 3] 7 r nif9A*«fT#^3 7fc*-r**T. 7 

nifv&xyywx. -r>^u^>^ i ocam^tccto 



lc" tegEt£-fey hanT^S. 
[0 0 5 4] WIHTlfc*5V>T, yn^A^^^P 
C= "4 0" y*7$f startte^Ciy^ t 1 fcH 

JBLT-fey ban*, start&tff lc**fey V 

an, y^i^f end** u -fey hantt^oT?, ^27? 

*LfcfWW**fc&tJ** 77^f sel.lctt "1 0" \Z 
-fey h atl, tl^^^2 4BWyX^9©lftttT^l 
oop£«#?T£o 

[0 0 5 5] Ufc^T, ^*"?>^26fctt 
l/yX^9©MT-^loop^ "2***0-1* 

[0 0 5 6] JfflWT 2 fcfcWT, ya^9A* T >>^P 
C= "4 2° 77^f endtt^Dy^ t 1 
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C7) 

11 

LT*fcu> h2*i£« 

[0 0 5 7] yviff eiitttU-fey hStlSV^fcift, 

S-fey bU t^*15l:±Df-* star t**» 

* starts" 4 0 " 

[0 0 5 8] EP*fc, Dj^;i/-y*^>^2 6«x^U 
*>92 3t^iD^U^>h^nfeM "1" ^ 

9l:J;D77^f exitfcfrfey h£tl£o # 
[0 0 5 9] *UT, SIWT 3 fc*lr>T, JuifyJ** 
ij>^PC= "4 0" 0«f, 7^^f startttWtf-fey 
hiStiZ* fstartOft«I©-feyht#MBt"«t, 7^ 
if f lcttLUzy hS*xT^*fcft* -tens** 
"f seljc" ttU*fey h^tl^c 

[0 0 6 0] ^<D«, «MT4ir*^T, Stf^D^5 
A ^t)>^pC= "4 2" <D1$* 7^ f endtefflW* 

^nttiS©^ ttSlilKl 9C0SK*JW7^^f sel_ 

[0 0 6 1] lf*T, HzV^l 5fcJ;«M >^U 

^U^>b^nfcfi "0" *D-HStl5. 

[0 0 6 2] 3>/^-^3 5lri»97^^ 

f lcJ4»*»K:-feyh3n> 3W^2 9C±D7 
exitttU-fey h^n^o 

[0 0 6 3] ^co^^tc^i^JSCT^yn^^AWII 
£■14* ^n^^A^^^^t^-^tOBBteTHUXi: 30 

*fHt^»©fl»^»na tt*©iMfc8Bj*-r s - tare 

[0 0 6 4] H7-e^b)fe«t'5fc/JW-^ , *ff 

#MTfes;H^a^B [I] n 
oop 1c, Start, EndJ^U^Blo 
c kAJ:Ofet9<ofT#^2 ifcBfi-r*dt*«-c€rs. 

[0 0 6 5] LfctfoT* 02 OT^Ufc^D^^ACO 

^DyJBlockAtJV-^DyJBlo 40 

i o c kB&«i3s-r5*T?fcffbnsxe»4, 

^jrtaT^B 1 o c kA©3XgcD*fc:£D, )V—zf? 
p^i?Biock Booi;i/— :/*M #;wttf:/py ?b 

rockCt>3IgTfT^fc^ 

~A© U 7;i^-f Affla**^T*5*^*?»£. 

[0 0 6 6] -rfcto*. ;v-^*^e;i^-^ffla<o^ff 



W8-6 3 3 5 5 
[0 0 6 7] HI 614, mKOHJSfifJO^D^^AftJUl 
[0 0 6 8] ^I3£#J«LT, Xf^S 1T> )V~? 

*^6&5 fr- ?nn fa^m t s & * Tma * 

[0 0 6 9] ^bt, X^y^S 2\Z$>^T, 7>rrv-f 
[0 0 7 0] Xf^S3^T, ya^^A 

[0071] fltv Xryys4m^ ^d^7 
A#^>3^X^:/S 3TE*L&IM&7PU'*fc0> 

■itRiis*fca^^-^«ia«)»7*»i>b. 

[0 0 7 2] Xf^S 5T^ffiCQ^n^r7A* 

[0 0 7 3] ^bT, Xf^^S6^ zfutfylstlV 

£YES/NOT?fflftU YEST*ntf<l7bNOT 
ihBXfy^S 7 fc#frTS. 
[0 0 7 4] Xf*;^S 7fc*5V*T, 7n£^A*#> 

f^S6TYEStflIt^^ Xf^S3- 

[0 0 7 5] JKO^ay^AiBW^^ 
7f^S4T, :/ny9A##>$'fciM&7Fl'Xfc 

7AA^7>^ £^77 F VX t©Jt«IS*JcS^€r^- 

^jaa<3!)j»7 : &Biii'fs^aitc«fc?), )i— 

[0 0 7 6] bfeAbt, ^D^7A+fc43ViT^-^ 

#^j4;w-^«ff*^*©ts^*ntf^©tt«fcBa 
[0077] ^©«§S, ;v-^*^s^-^ffia<o«ff 

[0 0 7 8] ft*, HI 6T*bfc^Dif^A«mi*ft 
/ »4, 0 2R^H3T^b/c»^©7 p n^^Aft(IWSBK 
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(8) 

13 

"T* Z <h *> WITC** £ t tt«J»T»«, 

[0 0 7 9] <m 2 0Mmm>m s \$m 2 ommm^ 

[0 0 8 0] pj^^TJ^iC, fr#^2 1, 2 

abftJH^**^ ;v-y*^ow^THi/x (S t 

art_l, Start _2) ftrflftTT F (En JO 
d„l, End_2) ftffl£»fclftfeLTl>*. 

[0 0 8 1] c:©j;5tc*xM(|jfi©;v-^A^**ff 

[0 0 8 2] m2(7>SIJS*ilCO^O^^AfflWSgtt> tK 

[0 0 8 3] S6tttt*IH#-rS&»fc, Jl/"-y^^>^ ^ 

[0 0 8 4] Ott. »2©HJ6«©^ , D^ 

7A«*««<Ort«*lJ*ft*t@l»HT?*«>. ^2 CD* 

;V-^oHfT& nltllir-rSo 811-813 tttt^MW 
ffl<£i£^l3T<&<5* ft:*, H 1 1 1 3 ©tt»Htt* 

"2" ^ "5" SO-HLT»5. 

[0085] ^^^w-^aat^tt^^trt^flB-r 
[0086] *^x-f >^snfc**©Ji^-^Jfia«>ft 

l!t&7Hl/XttkyX^RSl (Start_l)~R 
Sn (Start„n) (n£2) KlBttSfU ZtlZ 
<D\ii1l\ttl'9? (S E L S TART) 4 fc**v£n 

(End_l) -REn (End_n) fciEBStl, Z 40 

n6cotn*B-tv^^ (s e l end) stc^rnen 

[0087] tu9^4\t. msimmsm i__c on 



WiB¥8-6 3 3 5 5 

14 

^jT>5o -kl^* 5HU a«HW«Hi*t t l__c on t fc 
i^i/^X^RE l-REn©fMSr-?<0 5%-© 

[0 0 8 8] ft*-^«!<OS«lt ftW>X*RL 

1 (Loop_l) -1/^^RLn (Loop_n) 
K*n*niBf»3*U utl^«)l/yX^RLl-RLn 
CDtn^^l/^^6 (SEL__LOOP) k#43*x 
S. Hrl^*6ti* a«M«3^t l_c on tfcStJ 

l/5;X*RLl-RLnCD»*!iT-?»^-Of 

[0 0 8 9] ^<*>yir«bTli, 1/^X^RLl- 
RLn. RSl-RSnRI/REl-REnt^Dy^; 

[0 0 9 0] 1/^X^7, lx>?X^8©fflA^5tt, 0 

2 3 X^htz.W, 1 ©^MWO^n 2^ AfMtEPttK 

[0 0 9 1] W^;V-^* 1 >>^2 6Ll~26Ln% 
Sirs, 

[0 0 9 2} *-^(OBWi«JStt, W«;i/"^*^>^ 
2 6 L 1 - 2 6 LnSW^nv^l/^S/^^tft 

ftZtlZo $Er>X* ±U2?2 5 (LC_IN) fct, -fe 
1/^^2 4 (SEL_LC) <?){l]*^T'7^i/^>' 
>2fU foaiAT-?^^D7^ t 2»cRIMlbTJl/— 
^•)^2 6L1 (LC_1) - 26Ln (L C_ 
n) IZyy^itZ* *LVZ9Z1 (LC_OUT) 
ftvlWV— 7%V>#2 6L 1 — 2 6Ln(Offl*S^ 

iLTW/X^2 8 (tl_lc) fc^y^iir^o 
[0 0 9 3] l^;M* >V*T-9 3 3te, 9P^9tl 

R«t 2tm:3>;^i/-^ i 2&txi 3*^*n-fn 

m*^n^CMp_start&^cinp_end^^lt> aSittWHB* 
t l_c on tfttf^1Wff«*»t 2_cont^ 

-rs. ^3c^H>y^3 3©«w#**a"r 

OMSSjS'f. fcfc, a*lftl»©-9t l_contR 
tfa*?W1W®^t 2_con t©rXt^M(S "0" 
7?&&o fc*:U cmp_end»cmp_startJ:D^n^^ t 2 

(t l) tDi+K ^;H9<D«sa"*"rs- 

[0 0 94] 

[«3] 
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(9) 



8-63355 



15 



16 



cnp_start 


cnp_end 
{delayed for 1 cycle!!! } 


Fiinr t l on 
r mi v* iiivii 


0 


0 


Hold 


1 


0 


Increient 


0 


1 


Decreoent 


1 


1 


Hold 



[0 0 9 5] 3t3fc*T«fc5fc, mRMWmm l_c W* [0 0 9 6] -feW**4~6&tf2 7tt* l"<M>z> 
on t IkZf t 2_c ontli cmp_startS.^crap_end^ 

mz "o w , mz "i" T*a«^»a«fto««3Wis» 

StU cmp.start^ "1" T?cmp_enda* "0" T&£J§-o 
tt-f >9V*>h*Zti* cmp_s tar tend** "0" Tcmp.en 



sr-?3 3frbommW1B*%t Lcont \Z&*3& 

[0 0 9 7] 
K4] 



[0 0 9 8] 



tl_cont 


Action 


O 


? ? ? _ 1 — > Output 


1 


? ? ? _ 1 ---> Output 


2 


? ? ? _ 2 — > Output 






n 


? ? V __ n ---> Output 


???=END> LOOPo r LC 






tl_cant 


Action 


O 


Start.l ---> Output 


1 


Start.2 — > Output 


2 


Start_3 ---> Output 






n - 1 


Stsrt_n Output 


n 


* 0 1 — > Output 



[0 0 9 9] aHtC^-rJ^lC, 6&tf-fe 

V99 2 7 \i % ^n^nmmmmn tuont# 

;v-y*^>^ 2 6 L 1 ©ftttx-^tH^U 
■f#tl_cont)JtI (i=l-n) Oitl/yX 
^REi, 1/>?X^RL i St^ol^;!/— 7 P *^>^2 6 

[0 10 0] ^SIC^Ti'S^ *ls9#4\i. 



KS*tl_cont«S] (J =0~ (n- 1) ) CDfc 
^l/yXi'RS (j +1) <D*ttx~*ftffl*U MR 
ftWMB^t 1_ con ttfnCDi* "0" £ffl*-r£„ 

«RfW ^ to i o l] -few 4^ 2 5tt, v^;w>^-^3 3 

©SSIMIW©^ t 2_c o n t K£t**a*iiM£SfT 

[0 10 2] 
[*6] 
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(10) 



8-63355 



17 



18 



t2_cont 


Action 


0 


LC_ 1 — > Output 


1 


LC_ 1 — > Output 


2 


LC„ 2 - -> Output 






n 


LC_n --> Output 



[0 1 0 3] ^6fc5*t\k3fc, ^V99 2 514, WR 10 

mntmt 2„c on t a* u o n <Dt^w^-^^ 

>$2 6L l(Cx-^£ffl*U SlR^lfflJM^t 2_c 
ont*ti (i=l~n) <D£%»IW\'-7%V 2 

6l i t^-^&WA-ra. 

[0 10 4] ^^hfcJcD* »HWfMi*»t l_c 

0 n t KtfmSmWB^ t 2_c ont#T ICRS 

[0 10 5] [311-01 3©«raHC^T,*:3K:* a 
«?««m^ tl.cont RtfjlHRfWfflfl^ t 2_c o 

sn, mnmmm^t i_con tics^, i^x* 

RLl-RLn, Uy^REl^REnSff^Xi' 

[0 10 6] «S&)l-ZfijV>*2GLl~2 

t^y2 5tt»RllillllWt2_contl: 
StJ€T, irl/^^2 4©ffl**nT*;P-^*^>^2 6 
L 1^2 6Ln<0— fcfcJWU ir V 9 * 2 7 
|§tl_cont fcStJS bJ*^-^* 9 >^ 2 6 L 50 

1 ~2 6 Ln(D^^d7C0'5^--CO5 :? -^^l/v F X^ 

2 8 Kma-r*. 

[0107] z.<d&o\z, mmmmmm i_ c on t 
Rzsmmmmmm 2_c on t \z&-j%. -ti/^4 

-6. 2 5Stf27fcJ:*K l/^RSl-RSn. 
^yX^REl-REn, 1/^RLl-RLnStf 
^*^>^2 6 L 1-2 eLncD^fflx-^CO 

[0 10 8] -tn£WlO**Ifctfl»fPJ4, »i© 

[0 10 9] ^(Di^tc, ^2(DHS5CTcD^n^^A$iJ 

»gei4> i^m* >^y-^ 3 3 zommmmmn 

t l_c on tfttfj^flfflMS^t 2_c ontW 



[0 110] WAS* Eil 4Ta^L/&J:5^ SSIOJ!/ 
-^SIff#^»T*S^nv;^B lock 1~3R^ 
2C0;|/-7 p *ff^»TS5> r n^^B 1 oc k2<Z>fU 

cofT#-^ 2 1CS1 co;^^fr r i o o p 1 c l , 
Start.l, End__lj £|BjfiU fr#^2 3 \Z 
2 (D)l-7$t^t rioop 1 c 2 , Star t_ 
2, End„2j SIBi»-rsc:t««T^So 
[0 111] Ifc^oT, SI 8T?*Ufc^D^7i*© 

>y«jt+tcs(iesBiatfa(2©jp-^*^ftffi5fi 

- KttHBcKMfllfc < fB 2 co;i/-^^H l s 

[0112] JBi-»n©;i^-^*ff*^» 

[0 113] 

[0114] ;k-^*^&^-^««o*tf 
[0 115] ^©awic*3tt«»*JB2|B«<o^n^ 

t <ojt«*e*Rtf 7n ^ a* ■> >^ tmnnrr h v 
;i/-^iaa©»T*BKUT, fflfwf*©)i^7ffla# 
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«M§B¥8-6 3 3 5 5 



19 



20 



[0 116] b&^T, 7D^A+K45^T, mi 

So 

[0 117] *©IS*, ail-Sgnfl)^-^fM^# 

fcj;**;*^ >^*jgco^le:mi-®ncojl/-^#^ 

[0 118] dO«Mfc45tt5»*JS3|B*©yo^7 

[0 119] htcffi^X. 7u>f7J±*\z£i^T)l~7 
[0 12 0] ^O&jg, fl/-'/***>I<-7 r «BI©«fT 

[0 1 ] £(0?gHJ3<£>3S 1 (7)^SS*a|0^ti^5AteliaiS 

[0 2] JLCDSEIJiCD^ 1 ^I^^yP^7AM 

[0 3] n a>«M©» l ©*JKWT!*s ^ AM 
[0 4] » l <?)^JS0iJ<D^a A*HWgg(»l(if^^ 

[05] mi <D$mm<D?nif7 ^mm&m^m^ 
[0 6] mi (DmmmcD^u y ? i^mmmm^m^ 



[0 7] Z.<0$m<»% 1 OHJfiM^^D^^AffllWS 

BT*ff mips n-s ^5 a« s^-nawHT» « . 
[09] £ 2 ©»j-(f$.§yp ?y2±m 

ffl&B©«/££^T@&0T&£o 
[010] Jl<o»W«)*2©*)S« 1, C*«>! r a^A 

[0ii] m2 0nmm<D7vy ; 7&Mwmw<DW}ft 
io ft^-r*»H*c»s. 

[012] ®2©^JSWcoyn^^AW19|i^H©l)f^ 
[013] ^2<DftJS0!|(O7 p o^^AM1Bl»g^»ff 

[014] z.(Dmmm2<j>mmm<o^u^^mm 

So 

[015] ^D^^AHfTvXxAcO^*^^:^ 
lftBJ0T&&<, 

^ [016] »l©*««©yn^^A»IfllSBt«« 
[017] ^*co^n^^A*!l«SeT*ff©IW$ti 

[018] «*<Z)^D^5A«HB««T*ffft!l»Stl 

[019] aaito^x^fflifflwssTK^BHTffts. 
[020] ^<o-ru^^m\mmmxmnum^n 

7-9 t^X^, 11, 12 3>/^-^ 19, 
2 0 |fe91|ilg& RSl-RSn l/v'X^ RE1- 
REn W7s9. RLl-RLn 26L 
1-2 6 Ln *l®.)V-7ijy>9* 3 3 i^;w > 



[01] 



[07] 



20;> load 3. ic: 

2l:> loop lc, Start, End; 

, . . :> 

40:> Start: {First Instruction) 
4l:> 

42: > find; {Last Instruction) 

. . . :> 



01 



20:> 
2l:> 
22:> 
37 :> 
3fl:> 
39:> 

40;> 
4l:> 
42:> 
43:> 
44:> 
45:> 



Start: 



BnU: 



load 2.1c: 

loop lc, Start » End; 

nulacc aLOI.O; 
nulacc a[0] t »rt0]; 
nulacc aCl].»r[l]; 
uulacc »Ll.U.»rQ0]: 
nulacc 
nulacc 

nulacc aEI ,l],wrC03; 
nulacc a[l.ll,ir[l]; 
nuUcc nLi.1,0; 



] 

ftLl.lJ.wrQO]: -, 

aCi,ll.«rCn; 
a[i.-2:.wrC2J*. J 

] 



Black A 



BlqcfcB[i] 



BlockC 
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'[H2] 



[H3] 



CMP_LC 
_END 



fftXlt 




23 

DEC_LC> -J 

•r— *l/ 



.dec_ 



clkiti 



Start 



end 



cihttl 



End 



atortl 



12 



CMP_PCj f»tort 
_START 



11 



-^CMP_PC 
_END 



^ 10 

IHC_PC> + ) ^ 




clkiti 



[H4] 



tl 

t2 

t2_PC [17] 
t1_PC [18] 
loop [9] 
atart 17] 
end [8] 
fstart 
f«nd 

f flXlt 

fu 

"Fsel__pc 
LC [26] 



Lrij^j^riJi-rLr! 









x ! 


X i 2 












* i x 


42 i 




1 


















; 

i j — ™ 


! 1 

! i 


| 06 








; • o 





39 



i — r 



j 40 



42 



OOi 



Loop C9] 
start [7] 
end C8J 
Tstart 
f end 
f*xlt 
tie 

f Ml_PC 

LC £26] 
tl_l 



[H6] 
Block S 


Block B 


jlrLri_nj~Lnjl 

rL4n_rT^j-L_rL: 


{ 40 X 4, I 42 f 4C 


»J41X^ 






ii i ; « 

1 : 1 j 


—j j 1 


: j i 40 j 


-i 1 i 


! j 1 i "i : i 


I m ! : rtn ; 


i i I h 


i -n 




i ! : 


I ^ , 


U 1 m 


j j j 
i • i 






US 2 ! 2 P ! ! 1 i 


i ?x? 2 X! ; * 



T1 I 



T2 : T3 



T4 
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IMS] 



tl 
t2 



loop [9] [ 
start [73 [ 
end [8] !" 



40 



42 



I 



fatort 
fend M_ 
fexit I L 
flc 
f 4el_pc 



^srt_u b7 X do 

LC [26] f o ; 



-r 



L 
H 

L 
H 

L 
H 

L 



imi o] 



. . . : > 
20:> 




load3,lcl; 


Z3:> 




loop lcl»Start_L»Bnd^l 


22 = > 




load 3.1c2; 


23:> 




loop lc2.Start_2»Bnd_2 


. , . :> 
37:> 


Start.l 


{Pirast Iaatructlon<Blockl)> 


, « . :> 
40:> 


Start_2 


{Pirast Instruct I on (Block2)} 


. . . :> 
42:> 


End_2: 


(Last Instructlon(BJock2) ) 


. , . :> 
4&:> 

. . . : > 


Bnd_l: 


{Last Instruction(Blgckl) } 



B12 




RSI-RSmU^:*? 

RLl~RLn:L/ 
26Ll~26Ln: «T 



[011] 



Block 1 



e_pc [17] 



Stort„1 
End_1 
3tcrt„2 
End„E 

t2_cortt 
start [7] 
end [a] 



T stcrt 
fael_pc 

U_l [ZGJ 
tC_2 1261 



! i 6 i i 


r «; i 




m 


! i 


— i PH 










if X ! » ! 


1 hsri 




J — j — 


\ 37 : 


"il 1 «! 






i — ■ — 

-i — * — 






40 ! 




■ 40 i 


"1 — "~i 


! x ir 


-he | 








-t- • — >— 


« 3! 
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40 •> 
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42:> End: 
43:> 
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8 



■Col 



clkit2 



stort 



CMR.PC 
-STARTT 



{ 



14 



11 
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Loop_1 
Loop_2 
3tort_1 
End_l 
Btart_Z 
End__2 
tl_eont 
t£ w cont 
*t«rt [7] 
end [a} 

fte 

1«l_pC 
IC_2 C2.63 

ti_ic [za3 
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2Q:> 




load S.lcli 


21:> 




loop Icl,Start_i»Rnd_l: 


22 > 




load 2.1c2; 


23-> 




loop lc2,Start_2 t Eiid_2; 
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37:> 


Start_l: 


r y I pec a[0] t 0; 


38:> 




nulacc a[03.»rCO]i 


39:> 




lUUcc a[i^»rin; 


40:> 


Starts: 


nulacc aCMDrwrCO]; 


41 = > 




nulacc aCL,lDrWrCI3; 
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Bnd_2: 


nulacc a£I,-l3.wr[23; 


43:> 




nulacc aCi ,l3t«rC03; 


W-> 




nulacc a[i,l]>wrCl]: 


45=> 


Hnd_l: 


nulacc aCH«0: 
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34:> 
35:> 
36:> 

. . . :> 
39:> 
40:> 
4l:> 
42:> 

..."-> 
45:> 
46:> 



toad 3.UL; 

load 3,lc2; 
loop lcl*End_l 
{First Instructlon(BJocW)) 

loop lc2,Bnd_2 

{first lnstruction(Block2H 

End_2: {Last Instruct I on (Blocks) } 

End_l: {Last instruct ion(Blockl) ) 
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35:> load 4»lcl; 

36-> mulacc aCOLOJ 

37:> mulacc aC03,irC03i 

38:> mulacc a[l].wrU]: 

39:> loop lcl.Bnd; * 

40:> nulacc a[l ,l],ir[01; 

4l:> nulacc a[l ,l3,«rClD; 

42-> End: nulacc a[ i ,1], wrC2] ; 

43:> aulacc ati ,l]t«r[OD; 

44:> nulacc aCKlD-trtl]; 

45:> nulacc aCH.Q; 
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